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ABSTR ACT

The mutagenic potential of 4-nitrophenyl .sopropyl(phenyl)
phosphinate (103B); 4-nitrophenyl ethyl(phenyl)phosphinat f (113);

phenyl 4-nitrophenyl(methyl)phosphi nate (103A); 4-ni'rophenyl
2-methomy- phenyl(methyl)phosphinate (36); and 4-nitrophenyl
4-nitrophenyl (methyl)phosphinate (21) was assessed by using the Ames

Salmonella/ Mammalian Microsome Mutagenicity Assay. Tester strains
TA 98, TA 100, TA 1535, TA 1537, and TA 1538 were exposed to doses
ranging from I mg/plate to 3.2 x 10-4 mg/plate. It was dptormined

that none of the tested substances had mutagenic potential.
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PREFACE

AMES ASSAY REPORT:

SUBSTANCE CODE NO.

4 nitrophenyl isnpropyl(phenyl)phospbinate 103B

4 nitropheny) ethyl(pheny]lphosphinate 113
phenyl 4-nitrophenyl(methyl)pbosphinae 103A

4-nitropheny! 2-methoxyphenyl(methyl)phospbinatc, 36
4-nitrophenyl 4-nitrophenyl(methyl)phosphinate 21

TESTING FACILITY: Letterman Army Irstitutc of 7tsearch

Presidio of San Frnncisco, CA 94129

SPONSOR: Biomedical Laboratory, Aberdeen Proving Grounds

Aberdeen, MD 21005

PROJECT: Toxicity Testing of Phosphinate Compounds - 3516277ZA875

GLP STUDY NUMBER: 81002

STUDY DIRECTOR: LTC John T. Fruin D.V.M.,PhD.

CO-PRINCIPAL INVESTIGATORS: SSG Freddica R. Pulliam, B.S.

SP5 Leonard J. Sauers, B.A.

RAW DATA: A copy of the final report, study protocol and retired SOPs

will be maintained in the LAIR archives. Test substances

were provided by sponsor. Chemical, analytical, stability,

purity, etc. data are available from the sponsor.

PURPOSE: To determine the mutagenic potential of the above compounds

using the Ames Assay. Tester strains TA 93, TA 100, TA
1535, TA 1537, and TA 1538 were used.
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Rationale for using the Ames Assay

The Ames Salmonella/Mammalian Microsome Mutagenicity Test is one

of a standard bank of tests used by our laboratory for the assessment

of the mutagenic potential of a test substance. It is a short-term

screening assay for the prediction of potential muagenic agents in

mammals. It is inexpensive when compared to in vivo tests, yet is

highly predictive and reliable in its ability to detect mutagenic

activity and therefore carcinogenic probability (1). It relies on

basic genetic principles and allows for the incerporqtion of a

mammalian microsome enzyme system to increase sersitlvity through

enzymatically altering the test substance into an activw' metaboli-e.

It has proven highly effective in assessing human ris' (1).

Description of Test: (Rationale for the selection of strains)

The test was developed by Bruce Ames, Ph.D. from the University

of California-Berkeley. The test involves the use of several differ-

ent genetically altered strains of Slmonella typhimurium, each with a

specific mutation in the histidine operon (2). The test substance

demonstrates mutagenic potential if it is able to revert the mutation

in the bacterial histidine operon back to the wild type and thus

reestablish prototrophic growth within the test strain. This

reversion also can occur spontaneously due to a random mutational

event. If, after adding a test substance, the number of revertants

is significantly greater than the spontaneous reversion rate, then

the test substance physically altered the locus involved in the

operon's mutation and is able to induce point mutations and genetic

damage (2).

in order to increase the sensitivity of the test system, two

other mutations in the Salmonella are used (2). To insure - higher

probability of uptake of test substance, the oenomc for the

]ipopolysacchride layer (LP) is mutated and allows larger moleculps

to enter the bacteria. Each strain has another induced mutation

which causes loss of excision repair mechanisms. Since mnny

chemicals are not by themselves mutagenic but have to be activated by

an enzymatic process, a mammalian microsome system is incorporated.
These microsomal enzymes are obtained from livers of rats induced

with Aroclor 1254; the enzymes allow for the expression of the

metabolites in the mammalian system. Ths Ictiv4tr. c-t liter

m .,rosonaw' enzyme homogenate is te-mei S-9.
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imprecgn.-ted disc.- The- alt tration of th-e LI' lyer aI I lows oipt Ike by
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muf at ions (TA 15 15, TA l1lt) and framesh ift mu! at men, (T.A 153 1, TA*
1518 and TA 98) (2).



METHODS (3)

Rationale for Dosage Levels and Dose Response Tabulations

To insure readable and reliable results, a sublethal
concentration of the test substance had to be dctermined. This
toxicity level was found by using MCA pla es, xarious concen-
trations of the substance, and approximately i0 cells of TA 10 per
plate, unless otherwise specified. Top agar containing trace ;,mounts
of histidine and biotin were placed on MGA plates. TA 100 is used
because it is the most sensitive strain. Strain verification was
confirmed on the bacteria, along with a determination of the
spontaneous reversion rate. After incubation, the grcwth was observed
on the plates. (The auxotrophic Salmonella will rerlicate a fcw

times and potentially express a mutation. When the histidine and
biotin supplies are exhausted, only those bacteria tl-at revert .  to
the prototrophic phenotype will continue to reproduce and form macro-
colonies; the remainder of the bacteria comprises the background Ui wn.
The minimum toxic level is defined as the lowest serial dilution at
which decreased macrocolony formation, below that of the spontinLous

revertant rate, and an observable reduction in the density of the
background lawn occurs.) A maximum dose of I mg/plate is used when no
toxicity is observed. The densities were recorded as normal slight,
and no growth.

Test Format

After we validated our bacterial strains and determined the
optimal dosage of the test substance, we began the A-nes Assay. In
the actual experiment, O.lml of the particular strain of Salmonella
(108 cells) and the specific dilutions of the test substance were
added to 2 ml of molten top agar, which contained trace amounts of
histidine and biotin. Since survival is better from cuIturos which
have just passed the log phase, the Salmonella strains were used 16
hours (maximum) efter initial inoculation into nutrient broth. The
dose of the test substance spanned more than a 1000- fold, decrerising
from the minimum toxic level by a dilution factor of 5. All the
substances were tested with and without S-9 microsome friction. The
S-9 mixture which was previously titered at an optimal strength was
Idded to the molten top agar. After all the ingredients were added,
the top agar was vortexed, then overlayered on minimum glucose agar
plates. Those plates contained 2% glucose and Vogel Bonner "F"
Concentrate (4). The water used in this medium and ;ll r-agents came
from a polymetric system. Plates were incubated, upside down in the
dark i t 37 C for 48 hours. Plates were prepared in I ipl ict, and

he avr ire, revrtant counts were recorded. Th- e-orrspond i n number
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of revirtants obta ind was compa red to the number of spont- n'otl
revert~ints; th oonclu,;ions were recorded st:jtisticlly. A

correlated dose response is considered necessary to 'clire V
substane. as a ,it igon. Commoner (5), in his report, "ReLI ibi 1ty of
Racterial Mutageaiesis Techniques to Distinguish Carcinogenic nnd
Non-Carcinogenic Chemical , and McCann et ai (1) in ,heir piper,

"Detection of Ca-cinogens :is Mutagen: Assay of over 30 0 Chemicals,'
have concurred oa th,, test's ability to detect mutigenic potentia;L3

a tat ist ical Anal Isis

Quantitativ- evaluation was ascertained by two independent
methods. Ames e. al (2) assueind that a compound which caused twice
the spontaneous reversion rate is mutagenic. Commoner (5), developed
the MUTAR Ratio, which is stated in the following equation:

:IUTAR = (E - C)/C

Here, C is th number of spontaneous revertant colonies on control
plates obtained on the same day and with the same treatment and
strains. E is --he number of revertants in response to the compound;
C is the num'Jer of spontaneous revertants on control plates
calculatted from historical records. The explanation of the results

of this equation can be determined by the method of Commoner (5).
This variation determines the probability of correctly classifying
substances as carcinogens on the basis of their mutagenic activity.

The E values w~re recorded by strain, with and without S-9. Values
for C and C we-e recorded separately.

AVI

We used the formula and logged all values for our permanent records.

RESULTS

Ames Assay data were collected on 2, 8, and 11 March 1981.
Throughout this report, all the test substances will be referred to

by their respective code numbers.

Substance Code No.

4-nitrophenyl is3propyl(phenyl)phosphinate 103B

4-nitrophenyl etiyl(phenyl)phosphinate 113
phenyl 4-nitroph nyl(mcthyl)phosphlnate IOA

4-nitrophenyl 2-nethoxyphenyl(methyl)phosphinate 36
4-nitrophenyl 4-nitrophenyl(methyl)phosphinate 21

The Toxicity Level Determination was run on 2 March Pb1l, for

all the test compounds. All sterility, positive, and strain
verification controls were normal. The spontaneous reversion rate

4



was bcl.owJ normal for nonactivated rA 1Ot (Tzhl . 1, ,he dosagc
spanned from t mg/plate to 1 x IO-7  mg/plat.. In all instan ces, no

toxicity was observed (Table 2A-E). It was decided to use I mg/plnte

as our initial dilution.

Two assays were conducted to determine the mutgenic potential

of the five test substances. On 8 March iq9l , the Arres Test was run
on test compounds 103A, 103B, and 113. On i1 March 1981, substances

36 and 21 were assayed. The strain verification controls for the
initial assay showed expected results in all instances (Table 3A).

The spontaneous reversion rates were, for some strains, lower than

suggested by Ames et al (2) but were within normal limits when
compared to our historical data for all strains except TA 100. The
spontaneous reversion rate for TA 100 was below our historical data
base, both with and without S-9 (Table 3A).

In the second assay, we experienced unexpected r 'sults for TA

98, TA 100, and 1538 to UV light (Table 3B). We suspected mechanical

problems, so this strain verification was retested cn 14 March 1981.
Expected results were obtained at this time. The launs were uneven

for all plates containing strain TA 1538. Since TA 98 and T. 1538

are alike in all aspects except for the addition of a plasmid in TA
98, we can disregard the data obtained for TA 1538 and still draw

valid conclusions (Table 3B). The spontaneous reversion rates were
within the range of our historical data for all strains except

activated and nonactivated TA 100. Values for TA lOC wore less than

expected.

Unexpected reversion rates were seen in response to positive

control chemical dimethyl benz-anthracene (DMBA) for all strains in
the assay of 8 March 1981 (Table 4A). Although the tester strains

lacked a high incidence of reversion in response to DMBA, they did

respond to amino flourene (AF) and benz(.)pyrene (EP). These three
chemicals function through the same mechanism. In the second assay,

normal results were seen in response to all positive control
chemicals except DMBA. TA 98, TA 100, TA 1537, TA 1538 showed below
normal values (Table 4B).

DISCUSSION

The data relevant to the test-compound-induced spontaneous

reversion rates are shown in Tables 5A-5E. For test substance 103A,

a more than doubling of the spontaneou. reversion rate is seen only

for nonactivated TA 1537 at the 8 x 10 mg/plate dose. No dose

response was seen (Table 5A).

For compound 1.03B, a more than doubling of the spontaneou

reversion rite was sen for nonactiv.rted TA 15317 at the 4 x 1u



mg/plate love'. No dose r.,sponsc wa'; observed (Table 5B).

C(ompound 1 ' ;hows a numerical Iuggcstion of tu i ,n 1c;y for
nonact ivzted T.A 15j/ at th' 1.6 x 10 ra!!plate level. >', dose
response was seei (Table 5C).

The spontaneous reversion rate for TA 1537 determined on S March
1981, was low normal for the strain. It is the opinion of the Ames
Assay Laboratory at the University of California, Berkeley, that even
though a doublin, of the revertant rate occurred, one cannot declare
mutagenicity unless an obvious dose response is seen (Maron D., Ames
Assay Laboratory, University of California, Berkeley, 30 March 1981).
Although TA 1537 demonstrated some isolated incidences of a doubling
of the spontaneoas reversion rate, TA 100, the more sensitive strain,
did not.

The Assay of 11 March 1981 showed a more than doubling of the
spontaneous reversion rate for nonactivated TA 1535 at the 1 mg/platr
dose for compound 36. No evidence of mutagenic activity is seen for
compound 21. Th? data for TA 1538 was disregarded for these two test
substu7mces becaase uneven lawns were obtained (Tables 5D-5E). Our
MUTAR values were well below the 1.5 threshold level in all instances
(Tables 6A-6E).

CONCLUSI'ON

For a substance to be mutagenic by the Ames Assay, several
criteria must be met. We must see a doubling of the spontaneous
reversion rate, a MUTAR value greater than 1.5, and an obvious dose
response. In our assays a doubling of the spontaneous reversion rate
occurred in only three isolated incidences and no dose response was
observed. Therefore, we can conclude that test substances 103A,
103B, 113, 36, and 21 are not mutagenic.

RECOMIENDATION

We recommend that organo-phosphinate compounds 31, 7A, 83, 5,

and 91 be tested using other toxicological testing systems if efficacy
tests show those chemicals to be promising antidotes.

6
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TAB ,: I

STRAP: VERIFICATION FOR TOXICITY LEVEL DETERNINPATION
Sa Imonel Ia/Ilicrosome Assay

i Hi.tdiL A,)ic il in tivr-B rfa Crystal toriI itV Res:.nse
Strain No, Re,.uiremerits Re;istance D Iletion Violet Con, ro -

T I_________

TA 1-) -
9. '45 mnm NG* 17.12 om " +

TA 1537 NA 25 mm NA NA N'T +

JT NA G NA NA +

OiiIuent 4 NA NA NA NA NG

nLs BT. mix ";G MGA Plate ING Top Agar NG

Test Diluent NG

Compound (s)

NG 2t103A 14A NA N4A NA +G

(bL- I 3B NA NA NA NA N C, +

(cl NA NA NA NA %'G +

(_L NA NA NA NA NC +

(el 36 NA NA NA NA NG +

*Snm:ili numb r tir coloi cs present

G rnwth; NG No Growth; NT Not Tested; NA Not Aaplic,ble;
T Wi1d Tye;L Epected Response

Spontaneoa Revertants

Strain TIIrE 9 AVERA2'L

TA 100 In(! NO 80 I 56 42 70 68 61

St,.rt 11 o 53 47 --50 65 65_ 74 _59

Test Inculated ;y: Sauers,_Pulliam,.Dacey,_MLGown Date 2 March 1931

Test Read By: __Len Sauers Date 4 March 1981

10



TABLE 2A

TOXICITY LEVEL DETER'I1iJATIO-1
Salinonella/Microsome Assay

Substance assayed: (1) #103A _____(2)

(3) -_____________ (4) _______(5) _____

Date: 2 March 1981 Performed by: Dacey, Pulliam, me~own, 5 auers-- -

Substance dissolved in: (1) V-mso - (2) ____ (3) _

(4) Visual es;timation of baCkqrourd lawn on

Code: 103A Nutrient Agar Plates: Nfl n( grow.th
ST =s-icgt growith
NL =ncrmal growth

TA 100
Revertant Plate Count

Test Com-.pound RaLLorcund
Concentration Plate #1 Plate #2 -Plate 3 -Aver,-(.-- L-n

______ 661Jl i

0.01 53 67 56 59 N 1

0.?01 83 69 -- 723- NL

0001____ 83 58 '-_ 67 N 69_j

0 - _____1 64 74- - - 68 69 NL--

_____k _ __ 8____ _______- ___2_ IL
Q.o00000L 64 63_ 55_ _61 M



TABLE 2B

TOXICfITY LEVEL DFTER;I!NATIO ;
SalI monella/Microsome Assay

Substance assayec: (1) #103B.- - (2)

(3) (4) (5)

Date: 2 March 1 81 Performed by: Sauers, Pulliam, Dacey, McGuwn

Substance dissol,,ed in: (1) DMSO (2) (3)

(4) :5)

Visual estimation of background l.'.n on
Code: 1038 Nutrient Agar Plates: NG no cnowth

ST slight gro.,th
NL nor:al qrr;...th

TA 1 0

Revertant Plate Count
Test Compound lidac k ro0u nd

Conzentration Plate l Plate 2 Plate 03 Averace a-oa n
L_ _ I ___-i 57__I mg/' late 58 60 53 ___ 57 NL ]

to 56 43 S1 so NL __

102 46___49 49...6 38 48 N-.

_ . . . . . . . 56..49. ..2 .T =5 49_

10' ____ 5 8 57 -- 53NI.

i0~63 57 54- __ 58 _____NI-

-- I0o--6 46 _62 5 2N.

__42 6 50

12
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TABLE 2C

TOXICITY LEVEL DETERIIIATIONl
Salmonella/Microsome Assay

Substance assayed: (1) 0113 (2)

(3) (4) (5)

Date: 2 March 1981 Performed by: Sauers, D Pullium, _'_Gow .

Substance dissolved in: (1) DMSO (2) __ _ (3)

(4) -(5) ___

Visual estimation of bat grourd lawn on

Code: 113 Nutrient Agar Plates: NG 
= 

nc growth
ST = 

s'in~ht ,'owth

NL = n(rmul griwth
TA 100

Revertant Plate Couit

Test Compound Bko rc u nd

Concentration Plate 41 Plate '2 Plate =3 A.'e?: ..e La..n

61 s~ ~ 56 N1,

_8 58 73 61 64_-_-]

I LE
-2  -10 63 _ N

In
-
3 46 54 54 51 INL

_ 0
-
4 46 56 45 49 _ _NL

0
- 5  51 66 60 I NL

'OlnLaminaq-

10
-6  

47 51 tion 49 NL

ac
-7  56 61 43 53 _ NL1~~ ~ ---- ____ 1-- ______ ,

I I ,

fr. ....1 . . ..... . ..i .. .. ..



Tab! e 21D

TOXICITY LEVEL DETER'!INATION
Sal monella/Micro,;oi-e V",,y

Sub'; tonce assaved. (3 (2'

, _ (4_ _ (C)

DI t': 2_vr.l1l i - t ' : Dace', Pull jam, McCown. Sauers

Su",;Lane .Iisolv.d in: (1) _ DLso .... . (2) . ...... (3)

(.4) .. . .. .. (a) . . . .. ..

Visijal esti ation o' ha& cround la;n on
Cod.: 36 N,rient Aar Plates: IGC no qrnwth

ST i l.t qrr,..;th

TA 100

Revertant Plate Count
lest Co"pounl C .:z Irnr u
Concentration Plate 1 Plate -2 Plate 3 Avera e qt -a

I plat,, 102 . 94 go. 9. NL

1iT' 63 65- 50 J 59 - NL

_10-- 75 99 82 NI.

I- - 63 65 55 61 N1

IG- 83 85 98 89 N1,

to-, ~63 7 : 1

lT ___64 83 -~79 75--N75

49 63 59 NL

L _ _. .... .. . . .._.. . L _

I .. ... .. L

14
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TABLE 2L

TOXICITY LEVEL DETERMINATION
Salmonella/Mirrosomie Assay

Substance assayed: (1) #21 (2)

(3) _________- (4) _________ (5) ___________

Date: _21 march 1981 Performed by: Sauers, Dacey, Pulliam, MGown

Subs:ance dissolved in: (1) (2) (3)" i

(4) _____ (5) ______ f
Visual estimation of backgroJ,',d lawn on
Nutrient Agar Plates: NG = 

nr growth
Code: 21 ST = s'ight gr'.;:th

NL = 
n,'rmal grov.th

TA 100
Revertant Plate Count

Test Compound Background

Concentration Plate :41 Plate i2 Plate z3 _Avera e

I0
-

p6ate_ S2 57 5 53 NL

10-1 65 56 50 5 7  J N L

10' 49 45 5B8 __ 51 NL

to0s - 66 44 - 254

_ 0
-

_ 50 57 54 54 NL

____
-

_ __ 62 55 61 59 NL

_ ___
-  40 58 55 51 NL

__
-  

65 47 60 57 NL

15
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T'ABLIE 3A

QU C :YRC[ Ol- TLSTCR STRAIIBS ii Yi

d i liui '11 iv r-sii 1) O j ",

R(-,,, to _Ra 1  n c nDo - tarc Di n V iuie C-n.-rol (e,

TA9 + 8 + _ + 1.1p. , +

- A 100 ± __ ++ 1.2 i

TA 1535 _ + __ ~ NA 4 18.8

TA 1537 T 22.85 mmii __ + 18. 71 mm +

-~TA 1538 _ + NA + I9.1

Q-L. T~ -C0*TR0L ()

' i s - i i i x I n i i a l : + E n d : +T e ~ t C o ' - '( +- 1 0 3 . 5

Tu; Aoir I, iti a I +_ _ E nd: T, ' C,,x ;n + 1035

S 9In~i + End: + _Test Coa,; - -i -3: 1

;Clin:+ fj enict Nru 'Ii + lout C: .,Ij :

Mr, I Datje w" : a ct i aPlt '- + To-, Co'- ; -;- -., NA__

a, no (;r, ,ti, P,)ar' is i'C tT r i '~- ~ ' ' a
-- zone of lvi ~li tion of a ine lii- (C) 4 no r-r-uwt on ' 'i d

si,!e of plate; (d- + - ~ -i in~it'u - r -i:l'r - ' ' i -c 1e)' = d.. I
i jrow-L h (griwt - i md i t e,; o i i- iatlio n '4 n' vC t, cl T n oi iro.'' t, a i 1d v"-
'1A- [iot app! ic 01'.

tai n Rd5 Pn3 ge j ,1 AVC S-9

TA 99 4:1 0 5r T0 201 I 1

T A 01( 7' 1, 71) 3 i~ 70I

(J)vo, ID,3 1C n l Fn . Ymmii, i. M Uit t . Ros . 31:347

To- t I nocul at-d By: DdmI uli-u Ic'ymiI_ n __Eato: _ -aU 19E1-

Te'. t Ro'id By: _ Sm r-;io: ju ij~ 1981 -

16m



TABLE 3B

QUALITY CJ"TROL OF TESTER STRAI:S .',RKS iKET
Sa lone ] a/Ml i c rosome As s,'

..... .... .. f 1 11P.Tnda)_ - [n I i l (1-1 - .r- -c) T rt', Cr:yta- i .tei-1ity,

i Strain NIo. .Rj,,i , ts Re,,istar , ni n Vi et Cc,,trol

TA : _ irowt* 1 :..2rn Int,

TA 1535 + NANG 1.80 min +

TA 1537 + 23.18 mi N ; 22.03 z I +

TA 1538 + NA .r 95_m +

WT C .#3k NA G,wth N, G\Ilrowth :;

\LI TY CO'TPOL (e)

Ois-Bio mix Initial: + End: + Test Corpound 1: + 36

Top Agar Initial: + End: + Test Comnound 2: +

s - 9 Initial: End: + Test Compourd 3:

,Di luent: + Nutrient Broth: + Test rompowid 4:

.!GA Plate w/ bacteria: Growth MGA Plate: + Test Comround 5:

{a) -4= n gro
2

.th--e-quires histidine for eqTrow (bT t )-- no-zno of i -t.i,'
- zone of inhibition of approximately l6mrs; (c) + = no qrowth on irradiated
side of plate: (d) + = zone of inhibition approxi:atelv 14i:i iaietr ( + no
Qroaith (growth i iJicates contamination); ,4T=not testel; -,uno rrowth; '.,'T w I type
NA=not applicable.

Spontaneous Revertants

Strain Avg Range SNo -9 I Avq S-) % i,

U_____ _ _ ____ I_____ I _ _ _ _

21 1 8 13 {28 36 15TA 95 40 30-50 202 15 8 16 34 23 28 27

89 110 98 1 102 72
TA 100 160 ?0-200 ? _103 77_ 95 107 ' 92 95

TA 1535 20 10-35 9 1I 5 ! 8 16 1"4 i 3
TA ]17 7 3-15 11 3 a 5TA1153,___1

T130 25 15 -35 -U-0- 5 8 15 i

Ars C. N. J. McCann and F . Yarnasaki. Murat. Re:. 31 :3
4
7

T.,t Inoculat-d Py: s.-,rlii rDaicry;lulL, : tO 11 10;I

le.Y P,,,rd t;y: _fi UcL . .. . . . .. ... :" t': ) ' 'b J

*I'tIlxPcUtC d respuLnsc to iV; redoic 14 Mat 81; obt.-iii'd expected rr. tit , * I

17
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TAi.* 4,\

s~ar Q __ bl 1N ______

~AI07I 70 77  1F 178 ?i .

I N3 A j~, 'I~~

__ IS.L 38 ! -: _ "2 .. . . -*

_____ ____ I ____ ___ ___ ___ ___ I

_______ _ _ _ _ _ I ___ 1
- _5: _ 1

I WIBA, 3 March 108 1.

! [ - ..



TABLE 4B

-.at. Strain Tn.:

s . oi - .I i i ___

ll~lar81 I TA9, 27 16 24U5 N 77 30j

j TAIGO 92 95 1538 3082 j2. 126 ! 1
____ITA15 3 5 

1 
3 1____ lq,___ k OI IA N

A1537I 6 5 INA A 25 11 I
TAI38 16 8 12161 NA 5,1 16

(a vx: _ _I __ I
__I __I __ _ _ __ i__

* Uiivp,ctt(,d re'spotisL to DMBA, 11 March 1981.

19 .

____ ___ ___1 ____ _ ___1 _ __

__ _ _ _ _ _ __i__i_ ____ :1:.-. -i, -.... .



SA7" 277'; L ?,'r177 .,.,,!:1 A 7," 7:Y'..rr! '

P S I Vi LO';'POI. ',,'TEST corfll'(1U%

Substance As ayed: (1) . 1O3 ,  . ... (7)

(3) . . . . . . ... .t(4) .. ... . .

Date: 8 2:.31- -.- _ o, rf , Ov Sauer , l'ulii:m, Lewis, -lu11_ --

St,,:stance di solv; IJ : ( ) DSO . . . (2) in:
(3) ('4) (5! _

Sub Conc 3 100 1o0A 157 1.;4 1(37 3 A5S. 11_5 '3 5-

lo .A I mg/pi - I 18 40 43 , 4 6 3 I 1,3

" , 0 SI 53 16 7 -. h 1.

1 25 51 13 t

Av. 17 11 4 9*.. 12 1t 7 1

I -- - - --- - - -

103A 0.2 r.f1 9 18 S7 lo 4 .'

-0 11 0 15 10 , 1! -

II 1 6411 . 1

Av. 1 0 62o 52 5 1) 7 11

10 3A 0.04 It, 1 5 37 7 4-

l, 15 53 47 1 5 Q 0

-.. . . . . . . . . . . . . . 10 '

2 t 43~ 7 lo2
Av. ) 1< 3,*~ 7 ' 1

0.00 oa , ' 1 56 __ 63 5

1: '2 32 65 7 5 13 7 I X 2.

1 - 48 60 9 8 lo 5 1 1 1-

20
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'AB1,U 5A

SAL MO I A/ M.IICROW OIF A '- A'i JORK, I I !
(Pi'S II IV[ CONI 1RO I 1 i v"I 'OIIND)

Cori t i f11,) t i Ofl P3 IC

Rvertint. 'T 1! t e

Sub 1onc 93 9A, ion 100 A , 1 . 1: 7 IF', P, 3

10 0.00032_mo/tI 28 1 69 57 15 12 12 5 0

11l 23 59~ 58 19 :H 1

60 93 21

Av. 1 18 63 s o i 0 s 9

. .I . I

S. . .. . .I I I

. . .. . . . . .. " 71

...... .. 1 -

21 _

- -. ---- --- ---- ~- -I I



TABLIE 5B

SAIM!'7l:LLA/-.IIC:'SQ .ML ASSAY :.0kK [
(P)IT IV COiJ ROLS/IESr CU;-lPW:,.))

Sut tan e A- :av' I 103 (2)

(3) (5'

Dato: 8 March 1q81 Perfo,--ed Fv: Siut-r,:, :oni 1... , .

Substlice di solved ii (i ______

(3) ... ... ,'4) __ _ (5)

- RevL ' t T'Plae

Sutb Colc i3 92A )P9 n ,; 1S'S )§A 1"T Il 5 Ic -- "

1031 t m / I 1 12 57 58 11 6 ' 6 5 14

. . .-. .. IS 54 _5 - 13 _ 15 5 14_____ . .-

103 2 __ 50 6 . JL_ _ A ' 1 0. -1 I-6

-<1 1 L 5 6 86 10 4 1 q 7.

12 67 57 10 10. 9 11) 9

Av. 13 1 5 q 55 1 11 10 5
103. . W. [ .. . ..11 _ 1 2 1 1 9 K 1  7 ' .3

3i 20 56 II 10

- 14 21 43 5 1-, 8. 5 7~

AV, 5117 54 [ '. 6 8 10

0 3B 0.008 1 2!, 11 31 [ 13 i 1 5

Av, 5 17 4 S 7 1

) 33 0016 , 1 7 1o 37 11t [4 sI I

19 S 41 5 3 ~3
-- 1 14 04 5I . i 12 91 7 i 1 3. 1

. .. . ... 55 "!4 it,1 (I . . 3 ; 4 ,

22

U- 
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TABLE 5B

SALMONILIA/ IiCROSnME ASSAY WOR:SHEET
(POSITIVE CONTROLS/TEST COM'POUIND)

Continuation Page

# Revertdint'rIate

Sub Conc 98 9t',A 100 1OnA 1535 1535A 1537 .3A - "

1033 0.00032 3 81/p ' 7 H 5 5 1

14 ')4 5b 58 1 8 4 1 9

_ 52_ _ 1 7 - 12 13

________. . .. . ..____ __-_-- --. . - _ t -- i . . . . .. . .Av. . 3 4 0. .4 0. 9i . 13

7111171iiL i -, -- !
-I --- '

____ I I - -

23

- _ 11



SALMONI. LA/M ICROSOME ASSAY WORKSH[ T
(POSITIVE CON8-, LS/TEST CONPOUrT)

Subs t irIce As ,ayed: '1) (2)

t3) (4) (5)

Doate: 8 1K "h .'C 1 .4erformiHd i~y: Sa r:;, a 'uWi .:, - ,is .i11-_,_n

SubstincL' di solveo in: (I) D,,S; (2) _

(3' . . . . . . (4) . . . . . . .. . (5) .
t_ -R2 :!!a nt.,V 1, 1e_ tt,

Sub Conc 1 9 0A 100 1OOA 1',3 5 15"A 13.7 I"7, .R 1

.. ...I .. . .. . ..- .... -I. .. . .Ir i . . ..
. .113 1 _ . ... .. . .. ... 3 .. . 7 5... .... ....... . . . 13

23- 14 63 - I

13 Il 13 4 7 72 1 9 5 6 14

.A v . 2 . . .. .. . . ... . 11  7 5 5

/1 1674 62_ _ 9' _ 7 8 10

o2 I1 1 9 I 5 in

A. 20113 4 65 9 8 s t,8 to

I .I .I.m,_.I 1 21 .13 66 5 , 18 18 _ 1 ,

. . . 13 6 6 4 15 . ... .. 5 .. 1 1

IIl -20- 68_ 64 17 17 to 1 15

-Av. __ 6J2Lb.1 11 -~10
Ill 0.OU tnl _,. ( 17 2 ,8 17 I 17 ,

I h 17 1 8 1 1 8 4 1 8 1b

1 6 63 -74 _16 8 6 6 16

Av q__ A7. 55 67 11) 12 117 1

0. g Ill 1 1 2 58 0529 1 7 12 1

2.uI 6:1. .I 8 9 16ll

24



TABLE 5C

SALMONLLLA/ MICROSC,;IE ASSAY WORKSHFT
(POSITIVE CONTROLS/TEST COMPOUND)

Continuation Page

. Revertant'Plate

Sub Lolc 913 98A 100 IODA 1535 1535A 1537 1537A ,3, I,5

_ __ _ _ __ j_____.00032 ____ K _ ) -

24 56 19 20 6 1is 2 61 - I - -

A. 14 18 {57 71 19 21 7 8 __ lo_ 1-2

I I

L--- - -- -

_ - - i; -I

29



SAL!OH.[ L,/;* ,':1OS40 ASSAY ;-'ORK'C FET
(PI ." 1 C.; 'P)LS/TEST CO;,POUtD)

Su,>tance Assayed: (1) 36 (2)

(3; (4 ) _ (5 ) ... . . . ...(.

pate: 1 1 ,Lr-h I 8 ... . e ' ed Ry:_ Sauers,_Puiliam,_.acc , _M .llvn

Subst ince dissulved in: (1) DX:., (2)
(3) (4)_(5)

= Rie-.rtsnt/f! .te

_36 21 1,71g _$ -1 Q .- e 15*
3'jb~ 1- Cone 9H 9dA 100 lr2p, 1535 153j5A 157 1 r,23, 130 I3*152A&

J 24 8 ] '1 L, 2

22 23 i 12 L

) Av. I2J 24 1 --18 :9 25 4 6~: 6 __ 14. 1

36 10.2 sig/pl 2 1 6 l90 69 21- 131 2 _ 10 117

15 0 .84 50 21 10 71... .. 13

- - .-----.- 2 ___ --- [------__- 3_[ 2_ I] ~ _

-- 88 46 2 15 -3 6~

2 --,. I - ! 4 --
36 _[0 04 mg/ p1___ 16 21 I62 96 14 8 8 5 12 J-5

23 6__ 2 1 0 ~ 23 13 12 -7 1 _ 8 18

11 23 81 74 184 8 6 2 9 19

_ 19 V 23 63 81- -15 9 3 10 --7

36 0.08 111/pl, 10 18 76 [94 27) 6 4i 16

. , 9 21 72 76 1912 12.....1 10

21128 -70 80 19 169I

7_" 31 2 ....... K - 1

18 oI -p f 1 7 6_ 8 3* 15

13 1 26 -77( 72-- 136 18

I- 1_2 8 5 7

Avy. '12 ~ 85 72

P-vvi I 1st z-I. t all PIIt,". with TAI1N wq'r- nb-rved.



TABLE SD

SALMONELLA/ MICROSONE ASSAY WORKSHEET
(POSITIVE CONTROLS/TEST COMPOUND)

Continuation Page

9 Revertant,'Plate

Sub conc 93 98A 100 1OA 1535 1535A 1537 1537A 1533* 1531'
36 0.00032 mg/p 25 23 81 8 10 2 ! 23

16 26 70 897 5 5 7 18_

18 17 67 73 15 12 7 10 14 14

1 Av. 20 22 73 82 18 9 5 8 11 18

, I

t ... . - .i 7 - ....! _
I__ --- _ 1

kUlliv,', 1. a;wi on all wt'with TAI 1 38 wort- obs rved.

27



a

.AbILE 5L

,,1 !h10';! t I A .ICnOSOME ASSAY WORK' .LEI
(P£i IT !Vi COuTROL.S/TE-T COrPOU!D')

Su~stjnce Assayed: (1) ) ()

(3) (4) . . . . (5)

Date: 11 :,arch Perormed BY: Sauer,, Pullifim, Dacev, Mu:1 eX

Sb;tnce dissolved in: (1) DIISO (2)

(3) (4) ______ (5) _________

4 Revrt.int, PIt o_ I

SUb Conc qq 93A 100 1CoA 1535 1535A 1537 15377 153? 15>"l

21 rglpl 23 7 68 64 -5 1 3- [ , i - --- 1 16

____ 404 8 58 59 6 9 6 I4 '2 _ 3

126 1-12 68 44 61 4 4 3 Ii

Av. 30 .9 65 56 6 3 -2--- -
I21 0.2 mg/pl 24 19 51 86 3 11 6 '1 32

11 7 54 68 5 9 4 I 5 '2 i 29

5_8 5 2

-, .- 1'4 . 18 _ I 55 -82 9 I 3 -5, 5 2 - 31

1 4 558 1 21 5 6 IV _____K L .. ' i to'-, : /__l 30 lL 5o .. _____ ZL I __4_ 5_ . o __._ I_,

19 24 79 66 13 10 2 1 23 InL

_____ 1 1 6 7 9 7 7  16~ ~ 7 2 3 17 ___

Av. 23 67 ,,6 17 3 6 17 I S

2I 008llm p "/ .14 15 76 96 21 9 2 6 20

-- 14 14 82 82 8 T2 9 23

.0.14 70 75 11 7 3 9 Is

-- v. -1-3 14 1 -76 8 -1 1 _ 8 6 3 8

21 .0106mgl 1 I 13 1 86 7 9 15 44 - 3 193

.. . ._16 10!.. . _, _ _ 1 4 1.

.. .. . .... . 17 10 .7 -__J ,_ 2 3 -__

11'Vvl a lawns on a a L La -A:~ --1 -3

28



iALLt )L

SALMONELLA/ I CROSOME ASSAY WORKSHE .T
(POSITIVE CONTROL.S/TEST COMPOUND)

Coritinuation Page

AL Re~ertant/Plate

Sub Lonc 93 98A 100 1OA 1535 15311A 1537 1 3A p!

I 0.000 3 mg/l.S 3 889 7- 3 6

15 .20 61... .1 7 7 5 ' 5:

6 6 27 57 108 18 13 5 4 lo
. Av. 1 1 _6_ _4 5 , 5 10

-~ ~ ._ 10 22 ___ 94 1

... .. . . .. 4 .... . ___ ____

. . ... . ___.. .. .._ - _ l

. . ._ _ . ... . .I . . . .. . .w it h . .

29



TABLE 6A

MUTAGENIC ACTIVITY RATIO
Salmonel la/Microsoie Assay

Subs;tanc, Ass iyed: Code 10.. Dissolved ir: DMS0_

Date: _23 M!ar h 1981 Performed by:__Sat ers

Cc1etri t ior, Str~ain MUTAR ILIR Co'IC-I':t-ati on Strain, 71'TA . Mi

act------------------

0.28 0.0016 535
0.04 0.00 TAI 3

0.24 TA98 t -0 00 TA 15 35 04

0.008 __ TA98_ 0.2204

TA98 0.22 1 ,/pa
V0.0016  FA *e 0.2 1537 '0. 16 -

0.00032 lAS 018 *r 0.2 Tht7 ' *

0.04 11%53 0.49 *

I mg/plate TIO * 1 0.008 TA1537 0.9.3 --

0.2 ___ TA100 * 0.0016 TA1537 0.16 *

0.0-. 1*010 0002 TA15370.1

0.008 1 i" -1 0.6(0
TAlDO * .

0.0003 ____ 0 0.2_ TA_5_

I lmp/plate TA1535 * 0. 008 TA 19 .5I 0.?:

0. A1135 0.1if) 0.o016 TAIL38

*C.I1clg!,gted value resulted in 3i ncigartvo MiJTAR.

30



TAUIFI 61B

MUrAGENIC ACTI. ITY RAT!0

Salm~onel 1a/1"i croscrie Asay

S..b'tance Assayed: Code 103B Diszo1.'ed 0): DMs

0>: 23 M~irch 1981 Performed by: Saue rs

L>rt.1t ion s:rdin MUTAR MUTAR Concen tvt i on Strain L
act act

I m ;/Pljte TAQ8 * * 0.00-8 -- TA1535 0. 16 *

0.rA98 0.05 * iT1535 0.24 *

0.04 TA98 * 0C oooji .A 3

0.008 T.A98 0.14 *

0.0016 TA98 I * Mg/pLILO __TA153 *

0.00012 *A 0.1 0.TA15 3' I0.9 0.41

_ _0 1-~ _ _0,_

0.2 TA )0* 1- 00016 151 0.49 *

0 04 TA10 0 * 2T 0I0S3 4137 065 *

K. 005 1.1\ 00 *

0.0016 TAIOO I mglplate, IA153 I*

0.0003-1 0~o _ 1.2 *

I~~00 ITA1/5i3'I155

0. TAIIAL ', 153 0. 0018 - ' I B *

0I. I' .( - C11i IrA s 5 3 1

o~~w.~ rVA 13 00 S
'Lu It.1 vi ,, ( ilt d inI nt-gat ivc M11A.IL

13



IA!II 6C

MIT,'1 '! C ACT IV ITY RAT 1I)
Sal 'onel I li crosorne Assay

SL;stance A--'-ayod:__Cod.2  Dis-o1 ced in: 2>:s*-

Date:- 23-Mzrch 1981 i Perfoored Sur

Coc.-,i ':ratcr Strain WIUTAR I IUTAR Concentration Sr,' o -'

M:/Platc TA9 0.14 * 0.008 TA]535

0.2, TAOS 0. 14 * 0.0016 TA1535 (I c 3

0.0-4 TA98 * 0.00032 -- T\153-

0.008 TA9S 0.09 { *___K-01--A9 0C4 l1ngpate K53901

0.0002 _ T'%98 * 0.2 -Q(

0.04 ___4137L-

0.2 T,%O 10 * F0 -.-0 0 16  jT\ 1517 0

0T0IOO__ to .*. 0032 ____TAIS37 0.
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